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Organic molecules play vital role in various biological processes of living systems.  The specific chemical properties of organic molecules are the result of presence of particular functional groups that are clusters of atoms with characteristic structure and functions.  The biomolecules and macromolecules (proteins, DNA, carbohydrates etc.) are constructed by small organic molecules as monomers, for example, amino acids, sugars, nucleobases etc., which are very essential for life.  Apart from these, most of the drugs are small organic molecules, and they become effective by interacting with specific molecules in the body, especially with proteins, by modulating their functions.  From toxicity angle organic and inorganic molecules can be broadly divided into toxic and non-toxic chemicals. ‘Toxic chemical’ means any chemical, which through its chemical action on life processes can cause death, temporary incapacitation, or permanent harm to humans or animals.  Toxic chemicals causes illness to all living bodies including plants.   Various forms of herbicides (​http:​/​​/​www.infoplease.com​/​ce6​/​sci​/​A0823452.html​) and defoliants are also known to destroy crops and vegetation. Plants, leaves and flowers change colour if they are exposed to toxic chemicals. Some of the nitrogen, sulphur containing organophosphorus compounds are generally classified as chemical toxins. These chemicals are often used as pesticides and sometimes as warfare agents. Chemical toxins are two types, one is lethal and the other is non-lethal. Lethal chemicals directly attack the skin, blood, nervous, or respiratory system and require hospitalisation of the victim, whereas the non-lethal chemicals cause temporary physical disability.  The potential misuse of chemical toxins has increased with improved methods of dissemination, such as artillery shells, grenades, missiles, aircraft and submarine spray guns. 
Chlorine and mustard gas (​http:​/​​/​www.infoplease.com​/​ce6​/​sci​/​A0834601.html​)es were first used during World War I by the Germans against the Allies. Efforts to control chemical and biological weapons began in the late 19th century. In 1993 an international treaty banning the production, stockpiling, use of chemical weapons and calling for the establishment of an independent organization to verify compliance was adopted. The agreement, which became effective in 1997, has been signed and ratified by 160 nations. The treaty is enforced by the Organization for the Prohibition of Chemical Weapons (OPCW), The Hague, The Netherlands. The analysis of Chemical Warfare Agents (CWAs) and their precursors and degradation products, in samples collected from suspected production/ storage facilities or from environment in case of alleged use, is an important activity under the Chemical Weapons Convention (CWC) for taking further action. The chemical warfare agents are classified into three groups by CWC, namely schedule 1, 2 and 3. 
Schedule 1 contains chemicals that are deemed to pose a high risk to the purposes of the CWC, but have very limited, if any, commercial applications. This schedule includes nerve agents (e.g. Sarin) and blister agents (e.g. mustard gas), these chemicals are listed below.
A) Toxic chemicals:
O-Alkyl (R2: <C10, including cycloalkyl) alkyl (R1: Me, Et, n-Pr or iso-Pr) phosphonofluoridate:


O-Alkyl (R3: <C10, including cycloalkyl) N,N-dialkyl (R1, R2: Me, Et, n-Pr. iso-Pr) phophoramidocyanidate:

O-Alkyl (R4: <C10, including cycloalkyl) S-2-dialkyl (R2, R3: Me, Et, n-Pr. iso-Pr)-aminoethyl alkyl (R1: Me, Et, n-Pr or iso-Pr) phosphonothiolates and corresponding alkylated or protonated salts (R5: alkyl or H; X: anion):




2-Chloroethylchloromethylsulfide:		

Mustard gas: Bis(2-chloroethyl)sulfide:


n = 1: 1,2-Bis(2-chloroethylthio)ethane
n = 2: 1,3-Bis(2-chloroethylthio)-n-propane
n = 3: 1,4-Bis(2-chloroethylthio)-n-butane
n = 4: 1,5-Bis(2-chloroethylthio)-n-pentane

Bis(2-chloroethylthiomethyl)ether:

Bis(2-chloroethylthioethyl)ether:

2-chlorovinyldichloroarsine:


Bis(2-chlorovinyl)chloroarsine:


Tris(2-chlorovinyl)arsine:


Bis(2-chloroethyl)methylamine:                        


Bis(2-chloroehtyl)ethylamine:


Tris(2-chloroethylamine):

B) Precursors:
Alkyl (R1:Me, Et, n-Pr or iso-Pr)phosphonyldifluoridates:

O-Alkyl(R2: H or <C10, including cycloalkyl) O-2-dialkyl (R3, R4: Me, Et, n-Pr or iso-Pr)-aminoethyl alkyl (R1: Me, Et, n-Pr or iso-Pr) phosphonites and corresponding alkylated or protonated salts (R5: alkyl or H; X:anion):




O-isopropyl methylphosphonochloridate:


O-Pinacolyl methylphosphonochloridate:

Schedule 2 contains chemicals that are deemed to pose a significant risk to the purposes of the CWC and includes toxic chemicals that could be used as chemical warfare agents and key purposes to the chemicals in schedule 1. Some of these chemicals have limited commercial applications and are listed below.
A) Toxic chemicals: 
Amiton: O,O-Diethyl S-[2-(diethylamino) ethyl phosphorothiolate and corresponding or protonated salts (R1: alkyl or H; X:anion):




 
1, 1, 3, 3, 3-pentafluoro-2-trifluoromethyl)-1-propene:


3-Quinuclidinyl benzilate (BZ):


B: Precursors:
N,N-dialkyl (R1, R2 = Me, Et, n-Pr or iso-Pr) phosphoramidic dihalides (X, Y:Halogen):



O,O-dialkyl (R1, R2 = Me, Et, n-Pr or iso-Pr) N,N-dialkyl (R1, R2 = Me, Et, n-Pr or iso-Pr) -phosphoramidates:




Arsenic trichloride:    AsCl3

2, 2-diphenyl-2-hydroxyacetic acid:


Quinuclidin-3-ol:

N,N-dialkyl (R1, R2 = Me, Et, n-Pr or iso-Pr) Aminoethyl-2-chlorides and corresponding protonated salts (X: anion):



N,N-dialkyl (R1, R2 = Me, Et, n-Pr or iso-Pr) Aminoethyl-2-ols and corresponding protonated salts (X: anion):



N,N-dialkyl (R1, R2 = Me, Et, n-Pr or iso-Pr) Aminoethyl-2- thiols and corresponding protonated salts (X: anion):



Thiodiglycol: Bis(2-hydroxyethyl)sulfide:  S(CH2CH2OH)2

Pinacolyl alcohol:

Schedule 3 contains other chemicals that are considered to pose a risk to the purpose of the CWC, including 'dual purpose' chemicals such as phosgene (used as a chemical weapon in world war I. but with legitimate commercial uses) and selected precursors for chemical warfare agents and are presented below.
A: Toxic chemicals:
Carbonyl dichloride:		COCl2                        
Cyanogen chloride:		ClCN
Hydrogen cyanide:	            HCN	
Trichloronitromethane:	Cl3CNO2

B: Precursors:
Phosphorus oxychloride:	POCl3
Phosphorus trichloride:	PCL3
Phosphorus pentachloride:	PCl5
Trimethyl phosphite:		P(OCH3)3
Triethyl phosphite:		P(OC2H5)3
Dimethylphosphite:		(CH3O)2POH
Sulfur monochloride:		SCl
Sulfur dichloride:		SCl2
Thionyl chloride:		SOCl2
Ethyldiethanolamine:		CH3CH2N(CH2CH2OH)2
Methyldiethanolamine:	CH3N(CH2CH2OH)2
Triethanolamine:		N(CH2CH2OH)3

All the CWAs can enter into the body through orally or from respiratory system or diffusion from skin. Death usually occurs within 15 minutes after absorption of these chemicals. The main property that allows the classification of a substance, as warfare agent is its toxicity and applicability on the battlefield. Chemical toxins are divided into different groups according to their effect on the organism and are discussed below.

The chapter reviews the methods for the analysis of chemical toxins, their precursors and degradation products that are present in different environmental and biological sample matrices using chromatographic methods such as gas chromatography and liquid chromatography with different types of detectors. GC is the popular option for the identification of volatile and non-polar compounds with elemental specific detectors like FPD, PFPD, NPD, AED, FID and AED and also for the pre-monitoring of these compounds in different sample matrices. Derivatization is needed for polar compounds prior to GC analysis.  However, unambiguous identification of these chemicals is done by GC- coupled with mass spectrometer under EI and CI conditions. EI mass spectrum is a fingerprint of the compound to deduce its structure and the molecular weight. CI is complementary technique to EI to confirm the molecular weight of an unknown compound. Non-volatile and polar compounds which are present in trace quantities in water with other interfering solutes are directly analysed by liquid chromatography coupled with MS under TSP and API conditions and structure of the compounds are identified by MS/MS analysis.  Hence, mass spectrometry is a powerful tool compared to other analytical techniques for the unambiguous identification of chemical toxins.






